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Abstract²,QFUHDVLQJXUEDQLVDWLRQKDVGULYHQEXLOGLQJGHVLJQHUV
WR LQFRUSRUDWH QDWXUDO YHQWLODWLRQ LQ WKH GHVLJQV RI VXVWDLQDEOH
EXLOGLQJV7KLVSURMHFWXWLOLVHV&RPSXWDWLRQDO)OXLG'\QDPLFV&)'
WR LQYHVWLJDWH WKH QDWXUDO YHQWLODWLRQ RI DQ DFDGHPLF EXLOGLQJ
6,7#63 XVLQJ DQ DVVHVVPHQW FULWHULRQ EDVHG RQ GDLO\ PHDQ
WHPSHUDWXUH DQG PHDQ YHORFLW\ 7KH DUHDV RI LQWHUHVW DUH WKH
SHGHVWULDQOHYHORIILUVWDQGIRXUWKOHYHOVRIWKHEXLOGLQJ$UHIHUHQFH
FDVHUHFRPPHQGHGE\WKH$UFKLWHFWXUDO,QVWLWXWHRI-DSDQZDVXVHGWR
YDOLGDWH WKH VLPXODWLRQPRGHO 7KH YDOLGDWHG VLPXODWLRQPRGHOZDV
WKHQ XVHG IRU FRXSOHG VLPXODWLRQV RQ 6,7#63 DQG QHLJKERXULQJ
JHRPHWULHV XQGHU WZR ZLQG VSHHGV %RWK VWHDG\ DQG WUDQVLHQW
VLPXODWLRQVZHUH XVHG WR LGHQWLI\ GLIIHUHQFHV LQ UHVXOWV 6WHDG\ DQG
WUDQVLHQW UHVXOWV DUH DJUHHDEOH ZLWK WKH WUDQVLHQW VLPXODWLRQ
LGHQWLI\LQJSHDNYHORFLWLHVGXULQJ IORZGHYHORSPHQW8QGHUD ORZHU
ZLQGVSHHGWKHILUVWOHYHOZDVVXIILFLHQWO\YHQWLODWHGZKLOHWKHIRXUWK
OHYHO ZDV QRW 7KH ILUVW OHYHO KDV H[FHVVLYH ZLQG YHORFLWLHV LQ WKH
KLJKHU ZLQG VSHHG DQG WKH IRXUWK OHYHO ZDV DGHTXDWHO\ YHQWLODWHG
)RXUWK OHYHO IORZ YHORFLW\ZDV FRQVLVWHQWO\ ORZHU WKDQ WKRVH RI WKH
ILUVWOHYHO7KLVLVDWWULEXWHGWRHLWKHUVLPXODWLRQPRGHOHUURURUSRRU
EXLOGLQJ GHVLJQ 6,7#63 LV FRQFOXGHG WR KDYH D VXIILFLHQWO\
YHQWLODWHGILUVWOHYHODQGLQVXIILFLHQWO\YHQWLODWHGIRXUWKOHYHO)XWXUH
ZRUNV IRU WKLV SURMHFW H[WHQG WR PRGLI\LQJ WKH XUEDQ JHRPHWU\
VLPXODWLRQPRGHO LPSURYHPHQWV HYDOXDWLRQ XVLQJ RWKHU DVVHVVPHQW
PHWULFVDQGH[WHQGLQJWKHDUHDRILQWHUHVWWRWKHHQWLUHEXLOGLQJ

Keywords²%XLOGLQJV &)' VLPXODWLRQ QDWXUDO YHQWLODWLRQ
XUEDQDLUIORZ
, ,1752'8&7,21
(17,/$7,21 UHIHUV WR XVLQJ DLUIORZ WR FUHDWH D
FRPIRUWDEOH HQYLURQPHQW DQG DLU TXDOLW\ GHILQHG E\
SDUDPHWHUVVXFKDV WKHUPDOFRPIRUW WHPSHUDWXUHGLVWULEXWLRQ
KXPLGLW\DQGDLUVSHHG0DQDJLQJYHQWLODWLRQSHUIRUPDQFH LQ
EXLOGLQJVFDQEHGRQHWKURXJKPHFKDQLFDOYHQWLODWLRQGHYLFHV
VXFK DV DLUFRQGLWLRQHUV DQG IDQV RU QDWXUDO YHQWLODWLRQ
PHWKRGVVXFKDVDGMXVWDEOHZLQGRZVDQGZLQGFDWFKHUV
,QFUHDVLQJSROOXWLRQDQGFOLPDWHFKDQJHKDVGULYHQEXLOGLQJ
GHVLJQHUV DQG XUEDQ SODQQHUV WR FRQVLGHU VXVWDLQDEOH DQG
HQHUJ\ HIILFLHQW EXLOGLQJV RU IHDWXUHV >@>@ :KLOH LW LV
SRVVLEOHWRXVHSKRWRYROWDLFSDQHOVWRUHGXFHWKHSRZHUGUDZQ
IURP HOHFWULFDO JULGV E\ JHQHUDWLQJ FOHDQ HQHUJ\ RQVLWH
UHGXFLQJ WKH HQHUJ\ FRQVXPSWLRQ RI WKH EXLOGLQJ LV MXVW DV
LPSRUWDQWDQGPRUHDIIRUGDEOH >@8VHRIQDWXUDOYHQWLODWLRQ
SURYLGHV VLJQLILFDQW HQHUJ\ VDYLQJV >@ FRPSDUHG WR WKH
VWUDLJKWIRUZDUG RSWLRQ RI LQVWDOOLQJ PHFKDQLFDO YHQWLODWLRQ

$ : - :RQJ ZDV D VWXGHQW ZLWK WKH 6FKRRO RI 0HFKDQLFDO DQG
$HURVSDFH (QJLQHHULQJ 8QLYHUVLW\ RI *ODVJRZ *44 6FRWODQG HPDLO
:#VWXGHQWJODDFXN
,+,EUDKLPLVDQ$VVLVWDQW3URIHVVRUZLWKWKH6FKRRORI0HFKDQLFDODQG
$HURVSDFH (QJLQHHULQJ 8QLYHUVLW\ RI *ODVJRZ *44 6FRWODQG HPDLO
,PUDQLEUDKLP#JODVJRZDFXN
GHYLFHV
1DWXUDO YHQWLODWLRQ SURYLGHV VROXWLRQV WR WKH SUREOHPV
HQFRXQWHUHG E\ WKH EXLOGLQJ RFFXSDQWV UHJDUGLQJPHFKDQLFDO
YHQWLODWLRQ ZKLFK DUH QRLVH HQHUJ\ FRQVXPSWLRQ URXWLQH
PDLQWHQDQFH UHTXLUHPHQWV DQG KHDOWK SUREOHPV >@ 3URSHU
LQWHJUDWLRQ RI QDWXUDO YHQWLODWLRQ LQ EXLOGLQJ GHVLJQV FDQ
SURYLGH D PRUH FRPIRUWDEOH HQYLURQPHQW >@ )XUWKHUPRUH
VWXGLHV >@ VKRZV WKDWXVHRIFHQWUDOLVHG+HDWLQJ9HQWLODWLQJ
DQG $LU&RQGLWLRQLQJ +9$& V\VWHPV KDYH ILQHWXQHG
RFFXSDQWV WR H[SHFW WKHUPDO FRPIRUW LQ D QDUURZ UDQJH RI
WHPSHUDWXUHVDQGXQLIRUPLW\2QWKHRWKHUKDQGRFFXSDQWVRI
EXLOGLQJZLWK QDWXUDO YHQWLODWLRQ DUHPRUH WROHUDQW RI DZLGH
UDQJHRIWHPSHUDWXUHV>@>@>@+RZHYHUWKHUHDUHVHYHUDO
FKDOOHQJHV LQ WKH VWXG\ DQG HYDOXDWLRQRI QDWXUDO YHQWLODWLRQ
%HLQJ ³QDWXUDO´ YHQWLODWLRQ PHDQV WKH IORZ EHKDYLRXU LV
LQKHUHQWO\UDQGRPFRPSOH[DQGG\QDPLF>@>@$VVXFKLW
ZRXOG EH GLIILFXOW WR DFKLHYH HIILFLHQW FRQWURO RQ WKH IORZ
ZLWKLQ WKHEXLOGLQJ >@7KHXVHRIQDWXUDOYHQWLODWLRQ LV DOVR
OLPLWHGE\ WKHH[WHUQDOVXUURXQGLQJIDFWRUVVXFKDVQRLVHDQG
DLUSROOXWLRQ>@
,,0(7+2'2/2*<
A. Software 
6LPXODWLRQIRUWKLVDQDO\VLVLVFRQGXFWHGXVLQJFRPPHUFLDO
VRIWZDUH $16<6 )OXHQW  ZLWK $FDGHPLF 7HDFKLQJ
$GYDQFHG /LFHQVH &RPSXWHU $LGHG 'HVLJQ &$' PRGHOV
DUH FUHDWHG XVLQJ HLWKHU $16<6 'HVLJQ 0RGHOOHU RU
6ROLGZRUNVGHSHQGLQJRQPRGHOFRPSOH[LW\
B. Simulation Model Validation 
8VLQJDFDVHUHFRPPHQGHGE\WKH$UFKLWHFWXUDO,QVWLWXWHRI
-DSDQ $,- >@ WKH XUEDQ JHRPHWU\ VKRZQ LQ )LJ  LV
UHSOLFDWHG XVLQJ $16<6 'HVLJQ 0RGHOHU DQG VLPXODWLRQ
FRQGXFWHGE\XVLQJ$16<6)OXHQW7KH UHVXOWV REWDLQHG DUH
WKHQ FRPSDUHGZLWK WKH UHIHUHQFH UHVXOWV WR GHWHUPLQH LI WKH
VLPXODWLRQPRGHOXVHGLVYDOLG7KLVUHPRYHVWKHUHTXLUHPHQW
IRU IXOOVFDOH RU UHGXFHGVFDOH H[SHULPHQWV WR GHWHUPLQH WKH
DFFXUDF\RIWKHVLPXODWLRQPRGHO
,Q WKH UHIHUHQFH FDVH WKH DUHD RI LQWHUHVW LV WKH SHGHVWULDQ
OHYHOZLQGDURXQGWKHFHQWUDOEORFN$LUYHORFLW\UHVXOWVWDNHQ
DWWKHPHDVXULQJSRLQWVVSUHDGWKURXJKRXWWKHDUHDRILQWHUHVW
LVQRUPDOL]HGDVZLQGVSHHGUDWLRE\XVLQJWKHLQOHWYHORFLW\
7KHZLQGVSHHGUDWLRYDULDWLRQDFURVVWKHPHDVXULQJSRLQWV
LVWKHQVKRZQLQDJUDSK
8WLOL]LQJ&RPSXWDWLRQDO)OXLG'\QDPLFVLQWKH
$QDO\VLVRI1DWXUDO9HQWLODWLRQLQ%XLOGLQJV
$:-:RQJ,+,EUDKLP
9
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

)LJ5HIHUHQFHFDVHJHRPHWU\
C.Urban Geometry Modeling 
7KHWDUJHWEXLOGLQJIRUDQDO\VLVLVWKH6LQJDSRUH,QVWLWXWHRI
7HFKQRORJ\ 6,7 EXLOGLQJ 6,7#63 7KH EXLOGLQJ KDV VL[
DERYHJURXQGOHYHOVZLWKQDWXUDOO\YHQWLODWHGFRUULGRUVDWULXP
DQG VWDLUZHOOV7KLV VWDQGDORQHEXLOGLQJ LV ORFDWHGZLWKLQ WKH
6LQJDSRUH 3RO\WHFKQLF FDPSXV 6LQFH QHLJKERXULQJ
JHRPHWULHVFDQKDYHDVLJQLILFDQWHIIHFWRQWKHDLUIORZDURXQG
WKH WDUJHW EXLOGLQJ >@>@ EXLOGLQJV XS WR P IURP WKH
WDUJHWEXLOGLQJZLOOEHLQFOXGHGLQWKHVLPXODWLRQ
D.Assessment Criterion 
$VVHVVPHQW RI YHQWLODWLRQ LV KLJKO\ VXEMHFWLYH DV WKH OHYHO
RI FRPIRUW DQG WROHUDQFH IRU HDFK LQGLYLGXDO GLIIHUV 6HYHUDO
DVVHVVPHQW PHWULFV KDYH EHHQ SURSRVHG IRU HYDOXDWLRQ RI
YHQWLODWLRQ IURPDGDSWLYH WKHUPDOPHWULFVSURSRVHGE\%DNHU
DQG 6WDQGHYHQ >@ DLU YHORFLWLHV >@>@ SUHVVXUH
FRHIILFLHQWV>@SROOXWDQWH[FKDQJHUDWH>@DQGDPL[WXUHRI
SDUDPHWHUVVXFKDVUHODWLYHKXPLGLW\WHPSHUDWXUHDQGFDUERQ
GLR[LGH OHYHOV >@ ,Q WKLV DQDO\VLV WKH DVVHVVPHQW FULWHULRQ
ZLOOEHEDVHGRQWKHPHDQYHORFLW\DQGPHDQWHPSHUDWXUH>@
VKRZQLQ7DEOH,

7$%/(,
$66(660(17&5,7(5$%$6('21'$,/<0($17(03(5$785($1'0($19(/2&,7<90
'DLO\0HDQ7HPSHUDWXUH&   !
9PUDQJHFDXVLQJWKHUPDOGLVFRPIRUWGXHWRLQVXIILFLHQWZLQGVSHHG   PV
9PUDQJHIRUDFFHSWDEOHZLQGHQYLURQPHQW PV PV PV
7UDQVLWLRQUDQJHIRU9PIURPDFFHSWDEOHWRVWURQJZLQG PV PV PV
9PUDQJHFDXVLQJVWURQJZLQGLQGXFHGGLVFRPIRUW !PV !PV !PV


)LJ&RPSDULVRQ6LPXODWLRQPRGHODQG5HIHUHQFHUHVXOWV


)LJ+LJKOLJKWHGHUURUDUHDV
E. Area of Interest 
7KH ILUVW OHYHO QDWXUDOO\ KDV WKH KLJKHVW SHGHVWULDQ WUDIILF
ZKLOH WKH IRXUWK OHYHO LV DSSUR[LPDWHO\ KDOI ZD\ RI WKH
EXLOGLQJ KHLJKW +HQFH WKH DUHD RI LQWHUHVW LV GHILQHG WR WKH
SHGHVWULDQOHYHOZLQGRQWKHILUVWDQGIRXUWKOHYHOPDLQDWULXP
F. Simulation 
:LQG GLUHFWLRQ DQG YHORFLWLHV DUH QDWXUDOO\ GLIILFXOW WR
SUHGLFW WKHUHIRUH WKH\HDUO\PHDQYHORFLW\RIPV IURP WKH
(DVW ZLOO EH XVHG IRU WKH VLPXODWLRQ ,Q DGGLWLRQ JXVW
FRQGLWLRQ UHSUHVHQWLQJ WKH XQFRPPRQ KLJK ZLQG YHORFLW\ RI
PVIURPWKH(DVWZLOODOVREHVLPXODWHG7KHVLPXODWLRQZLOO
DOVR EH FRQGXFWHG IRU ERWK VWHDG\ DQG WUDQVLHQW VWDWHV 6LQFH
QDWXUDO ZLQG LV LQWULQVLFDOO\ DQ XQVWDEOH DQG RVFLOODWLQJ
SKHQRPHQRQ VWHDG\ VWDWH VLPXODWLRQV DUH H[SHFWHG WR \LHOG
RVFLOODWLQJUHVXOWV$WUDQVLHQWVWXG\ZLOOEHXVHGWRH[SORUHLI
WKHUHLVDVLJQLILFDQWGLIIHUHQFHZLWKWKHVWHDG\VWDWHUHVXOWV
,,, 6,08/$7,2102'(/9$/,'$7,21
7KHVLPXODWLRQPRGHOUHVXOWVKDYHVXIILFLHQWO\PDWFKHGWKH
UHIHUHQFH UHVXOWV VKRZQ LQ )LJ  DOWKRXJK WKHUH DUH FHUWDLQ
PHDVXULQJ SRLQWV ZKHUH WKH GLIIHUHQFH LQ UHVXOWV DUH
VLJQLILFDQW7KHVHPHDVXULQJSRLQWVDUHQRWHGLQ)LJDVDUHDV
OLNHO\ WR SURGXFH HUURQHRXV UHVXOWV LQ WKH DFWXDO VLPXODWLRQ
*HQHUDOO\ WKH PRGHO IDLOV WR SUHGLFW WKH YHORFLW\ DW DORQJ
ZLQGFKDQQHOHGIORZDUHDVDQGEHKLQGREVWUXFWLRQV
,9 67($'<6,08/$7,2106
)URP7DEOH,,ERWKILUVWDQGIRXUWKOHYHOVDUHLQVXIILFLHQWO\
YHQWLODWHGDV WKHGDLO\PHDQWHPSHUDWXUHLQ6LQJDSRUHLVZHOO
DERYH&7KHODFNRIZLQGVSHHGLVPRUHSURQRXQFHGRQ
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
WKH IRXUWK OHYHO ZKHUH WKH YHORFLW\ LV DSSUR[LPDWHO\ 
ORZHU WKDQ WKH DFFHSWDEOH ZKHUHDV WKH ILUVW OHYHO LV
DSSUR[LPDWHO\  ORZHU 2Q WKH ILUVW OHYHO WKH DLU HQWHUV
WKURXJKRSHQLQJVRQ WKH WRS DQG ULJKWRI WKH)LJ DQG H[LWV
IURP WKH OHIW DQG ERWWRP+HQFH WKH IORZPRYHV DFURVV WKH
DWULXP DQG LV DEOH WR YHQWLODWH PRVW RI WKH DWULXP )RU WKH
IRXUWKOHYHOWKHIORZDSSHDUVWRRULJLQDWHIURPWKHOHIWDQGWRS
RI)LJDQGOHDYLQJWKURXJKWKHERWWRP7KHPDMRULW\RIWKH
IORZ GRHV QRW PRYH WRZDUGV WKH RSHQLQJV EXW UDWKHU
UHFLUFXODWHZLWKLQWKHDWULXP

7$%/(,,
&203$5,6212)0667($'<6,08/$7,21
/RFDWLRQ 6LPXODWLRQPHDQYHORFLW\PV
$FFHSWDEOHPHDQYHORFLW\
PV
/HYHO  WR/HYHO 


)LJ)LUVWOHYHOIORZILHOGUHVXOWVPV


)LJ)RXUWKOHYHOIORZILHOGUHVXOWVPV

975$16,(176,08/$7,2106
8VLQJUHVXOWVDWVLQWHUYDOVWKHPHDQYHORFLW\DWWKHDUHDV
RI LQWHUHVW DUH OLVWHG LQ 7DEOH ,,, ,W LV HYLGHQW WKDW PHDQ
YHORFLW\ GHFUHDVHV DV WLPH LQFUHDVHV 7KLV DJUHHV ZLWK WKH
VWHDG\VWDWHUHVXOWVZKHUHWLPHYDOXHLVLQILQLWH7KHUHIRUHWKH
PHDQ YHORFLW\ ZRXOG JUDGXDOO\ FRQYHUJH WRZDUGV WKH VWHDG\
VWDWHUHVXOWV


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
7$%/(,,,
6,08/$7,210($19(/2&,7<$79$5,2867,0(06
7LPHV 0HDQ9HORFLW\PV/HYHO /HYHO
  
  
  
  
  
  
  
  
  
  
9, 67($'<6,08/$7,2106
5HVXOWVVKRZQLQ7DEOH,9VXJJHVWWKDWGXULQJPVZLQGV
WKH ILUVW OHYHO ZRXOG EH VXEMHFW WR PHDQ YHORFLWLHV LQ WKH
WUDQVLWLRQ UDQJH 7KH IRXUWK OHYHO ZRXOG EH ZLWKLQ WKH
DFFHSWDEOH PHDQ YHORFLW\ UDQJH +HQFH LQ PV FRQGLWLRQV
WKHDUHDVRILQWHUHVWZRXOGEHVXIILFLHQWO\YHQWLODWHG+RZHYHU
WKH ILUVW OHYHO YHORFLW\ PD\ FDXVH VOLJKW GLVFRPIRUW WR VRPH
SHGHVWULDQVDVWKHPHDQYHORFLW\LVZLWKLQWKHWUDQVLWLRQUDQJH
7KHDLUIORZPRYHPHQWRQERWKOHYHOVVKRZQLQ)LJVDQG
DUHVLPLODUWRWKRVHRIWKHPVZLQGFRQGLWLRQ



)LJ)LUVWOHYHOIORZILHOGUHVXOWVPV


)LJ)RXUWKOHYHOIORZILHOGUHVXOWVPV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
7$%/(,9
&203$5,6212)0667($'<6,08/$7,21
/RFDWLRQ 5HVXOWVPHDQYHORFLW\PV
$FFHSWDEOHPHDQ
YHORFLW\PV
7UDQVLWLRQ
5DQJHPV
/HYHO  WR WR/HYHO 
9,,75$16,(176,08/$7,2106
6LPLODUWRWKHSUHYLRXVUHVXOWVPHDQYHORFLW\RQWKHIRXUWK
OHYHO VKRZQ LQ 7DEOH 9 UHPDLQV VLJQLILFDQWO\ ORZHU
FRPSDUHGWRWKHILUVWOHYHO'XHWRWKHKLJKHUZLQGYHORFLW\RI
PV WKH IRXUWK OHYHO LVPRVWO\ZLWKLQ WKHDFFHSWDEOH UDQJH
+RZHYHU JLYHQ WKH SUHVHQFH RI D ODUJH RSHQLQJ RQ WKH ILUVW
OHYHOH[SRVHGWRWKHLQFRPLQJZLQGWKHILUVWOHYHOH[SHULHQFHV
VWURQJZLQGLQGXFHGGLVFRPIRUW

7$%/(9
6,08/$7,210($19(/2&,7<$79$5,2867,0(06
7LPHV 0HDQ9HORFLW\PV/HYHO /HYHO
  
  
  
  
  
  
  
  
  
  
9,,,',6&866,21
A. Steady and Transient Comparison: 2m/s 
%DVHGRQWKHVWHDG\UHVXOWVLWZDVIRXQGWKDWWKHDLUIORZRQ
ERWKOHYHOVZDVRILQVXIILFLHQWYHORFLW\IRUFRPIRUW+RZHYHU
EDVHG RQ WKH WUDQVLHQW UHVXOWV LQ WKH ILUVW  VHFRQGV RI IORZ
GHYHORSPHQW WKH ILUVW OHYHO SHGHVWULDQ ZLQG LV ZLWKLQ DQ
DFFHSWDEOH UDQJH 7KXV SURYLGLQJ WKHUPDO FRPIRUW WR
SHGHVWULDQV IRU D VLJQLILFDQW DPRXQW RI WLPH0HDQZKLOH IRU
WKH IRXUWK OHYHO YHORFLW\ WKH PHDQ YHORFLW\ VWDUWV RII LQ WKH
DFFHSWDEOH UDQJH DQG IDOOV LQWR WKH LQVXIILFLHQWZLQGYHORFLW\
UDQJHZLWKLQVRIWKHWUDQVLHQWVWXG\7KHGXUDWLRQRIFRPIRUW
EURXJKW WRRFFXSDQWV LV VLJQLILFDQWO\ VKRUWHU FRPSDUHG WR WKH
ILUVWOHYHOZKHUHWKHFRPIRUWODVWHGEH\RQGV+HQFHIRUWKH
PVZLQG WKH ILUVW OHYHO LV VXIILFLHQWO\ YHQWLODWHGZKLOH WKH
IRXUWKOHYHOLVLQVXIILFLHQWO\YHQWLODWHG
B. Steady and Transient Comparison: 7 m/s 
7KH WUDQVLHQW VWXG\ VKRZHG WKDW WKH SHDN ZLQG VSHHG LV
VLJQLILFDQWO\ VWURQJ ,Q WKH GHYHORSPHQW RI WKH IORZ WKH
SHGHVWULDQVZRXOGEHH[SHULHQFLQJDVHYHUHVSHOORIGLVFRPIRUW
GXHWRWKHKLJKZLQGVSHHGV2QWKHIRXUWKOHYHOZLQGVSHHGV
VWDUW IURP WUDQVLWLRQ UDQJH DQG UDSLGO\ GHFUHDVH LQWR WKH
DFFHSWDEOHUDQJH6WHDG\UHVXOWVKDYHVKRZQWKDWWKHILUVWOHYHO
ZRXOG HYHQWXDOO\ EH UHGXFHG WR WUDQVLWLRQ UDQJH YHORFLWLHV
+RZHYHU GXUDWLRQ RI H[FHVV YHORFLW\ZRXOG FDXVH WKLVZLQG
FRQGLWLRQ XQGHVLUDEOH HYHQ LI LW ZRXOG EH DEOH WR SURYLGH
VXIILFLHQW ZLQG VSHHG WR YHQWLODWH WKH IRXUWK OHYHO $OWKRXJK
WKHPVZLQGLVXQGHVLUDEOHLWUHSUHVHQWVDORZSRVVLELOLW\RI
RFFXUUHQFH +HQFH EXLOGLQJ RFFXSDQWV VKRXOG EH DZDUH RI
VXFK D SRVVLELOLW\ EXW QR UHPHG\ DFWLRQ ZLOO EH UHTXLUHG WR
QHJDWHWKHHIIHFWRIWKLVZLQGFRQGLWLRQ
C.2 m/s and 7 m/s Comparison 
PVDQGPVFRPSDULVRQKDVVKRZQWKDWDQLQFUHDVHRI
LQOHWZLQGVSHHGZLOOVXEVHTXHQWO\FDXVHZLQGVSHHGLQFUHDVH
ZLWKLQ WKH EXLOGLQJ 'HVSLWH WKH YHORFLW\ GLIIHUHQFH EHWZHHQ
WKH ZLQG VSHHGV IURP WKH IORZ ILHOG UHVXOWV )LJV  WKH
IORZSDWWHUQUHPDLQVXQFKDQJHGDQGWKLVLVFRPSOLDQWZLWKWKH
WKHRU\WKDWVSHHGKDVDPLQRUUROHLQWKHIORZSDWWHUQ>@
$FURVV ERWK ZLQG FRQGLWLRQV WKH IRXUWK OHYHO LV
VLJQLILFDQWO\SRRUHUSHUIRUPLQJIRUZLQGVSHHGV6HHQLQWKH
PV ZLQG WKH IRXUWK OHYHO ZDV RQO\ VXIILFLHQWO\ YHQWLODWHG
ZKHQ WKH LQFRPLQJ DLUIORZ LV DW  %HDXIRUW DQG WKLV ZLQG
FRQGLWLRQKDVDQRFFXUUHQFHSRVVLELOLW\RIDQQXDOO\ZKLOH
FDXVLQJH[FHVVLYHZLQGVSHHGVDW WKHILUVW OHYHO7ZRUHDVRQV
KDYHEHHQ LGHQWLILHG WKDW FRXOGKDYH OHG WR WKH IRXUWK OHYHO¶V
FRQVLVWHQWO\SRRUSHUIRUPDQFH
 6LPXODWLRQ0RGHO(UURU
)URP WKH VLPXODWLRQ PRGHO YDOLGDWLRQ SUHYLRXVO\ WKH
VLPXODWLRQ PRGHO KDV XQGHUHVWLPDWHG WKH YHORFLW\ RI DORQJ
ZLQG IORZ EHWZHHQ EXLOGLQJV DQG IORZ GLUHFWO\ EHKLQG
EXLOGLQJV7KHIRXUWKOHYHOGRHVQRWLPPHGLDWHO\ILWLQWRHLWKHU
DUHD KRZHYHU WKH IRXUWK OHYHO DUHD LV ORFDWHG LPPHGLDWHO\
EHKLQG DQ REVWUXFWLRQ WR WKH LQFRPLQJ IORZ +HQFH LQ
FRPSDULVRQ WR WKH YDOLGDWLRQ XUEDQ PRGHO WKH IRXUWK OHYHO
DUHD LV DQ DUHD GLUHFWO\ EHKLQG EXLOGLQJV 7KH VLPXODWLRQ
PRGHO YDOLGDWHG IRU SHGHVWULDQ OHYHO IORZV RQ JURXQG OHYHOV
7KHIRXUWKOHYHODUHDLVORFDWHGDWPDERYHWKHEDVHRIWKH
FRPSXWDWLRQDO GRPDLQ DQG FDQ EH VLJQLILFDQWO\ DIIHFWHG E\
KRUL]RQWDO DQG YHUWLFDO IORZ PRYHPHQW ,Q DGGLWLRQ ZKHQ
VLPXODWLRQ PRGHO ZDV DSSOLHG WR WKH 6,7#63 GRPDLQ WKH
LQOHWFRQGLWLRQZDVQRWFRQVLVWHQWZLWKWKHSURSRVHGJXLGHOLQHV
E\$,->@9HORFLW\SURILOHZDVQRWPRGHOOHGXVLQJWKHSRZHU
ODZDQGWKHVXEVHTXHQWPRGHOOLQJRI WXUEXOHQWNLQHWLFHQHUJ\
DQG GLVVLSDWLRQ UDWH ZDV QRW XVHG 7KH YHORFLW\ SURILOH ZDV
PRGHOOHGE\DOORZLQJ WKHFRQVWDQWYHORFLW\ WRGHYHORSDFURVV
DQHPSW\FRPSXWDWLRQDOGRPDLQDQGXVLQJWKHRXWOHWYDOXHVDV
WKH LQOHWFRQGLWLRQV7KLVPHWKRG LVDOVRIODZHGDV WKHHPSW\
FRPSXWDWLRQDO GRPDLQ IDLOHG WR DFFRXQW IRU WKH VXUIDFH
URXJKQHVV DQG WKXV WKH ERXQGDU\ OD\HU GHYHORSPHQW FRXOG
KDYHEHHQVLJQLILFDQWO\GLIIHUHQW
 3RRU%XLOGLQJ'HVLJQ
$VVXPLQJWKHHUURUDERYHKDVQRVLJQLILFDQW LPSDFWRQWKH
UHVXOWV$QRWKHUFDXVHRIWKHSRRUYHQWLODWLRQSHUIRUPDQFHRQ
WKH IRXUWK IORRU LV GXH WR WKH DEVHQFH RI DQ LQOHW GLUHFWO\
H[SRVHGWRWKHLQFRPLQJ(DVWZLQGXQOLNHWKHILUVWOHYHO7KH
RSHQLQJV RQ WKH EXLOGLQJ IDoDGH RQ WKH IRXUWK OHYHO DUH
VLJQLILFDQWO\VPDOOHUDQGORFDWHGGLIIHUHQWO\PXFKRIWKHIORZ
PRYHPHQW WR WKH IRXUWK OHYHO RULJLQDWHV IURP WKH ILUVW OHYHO
PRYLQJXSZDUGVWKURXJKWKHRSHQPDLQDWULXPVKRZQLQ)LJ
/RRNLQJEH\RQG WKH DUHD RI LQWHUHVW DQ RSHQ VLGH DWULXP
VKRZQLQ)LJLVH[SRVHGWRWKHLQFRPLQJIORZKRZHYHUWKH
DLUIORZLPPHGLDWHO\HQWHUVDQGPRYHVGRZQVWUHDPRXWRIWKH
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
EXLOGLQJ7KHEXONRI WKHIORZGRHVQRWFLUFXODWH WRZDUGV WKH
PDLQDWULXPDQGWKXVGLGQRWKDYHDVLJQLILFDQWLPSDFWRQWKH
PHDQYHORFLW\LQWKHDUHDRILQWHUHVW
,PSURYHPHQWV WR WKH IRXUWK OHYHO SHUIRUPDQFH ZRXOG
UHTXLUHJHRPHWULFDOPRGLILFDWLRQV$UFKLWHFWXUDOIHDWXUHVVXFK
DVZLQGFDWFKHUVFDQEHDGGHGWRLQFUHDVHWKHDLUIORZHQWHULQJ
WKH IRXUWK OHYHO DQG WKXV ERRVWLQJ WKHPHDQ YHORFLW\ LQ WKDW
DUHD


)LJ)ORZILHOGRIPDLQDWULXPPVDUURZLQGLFDWHIRXUWKOHYHO


)LJ)ORZILHOGIRUIRXUWKOHYHOPV

9,,,&21&/86,21
7KHREMHFWLYHRIWKLVDQDO\VLVZDVWRLQYHVWLJDWHSHGHVWULDQ
OHYHO QDWXUDO YHQWLODWLRQ DW WKH ILUVW DQG IRXUWK OHYHO RI
6,7#63EXLOGLQJXVLQJ DQ DVVHVVPHQWPHWULFEDVHGRQGDLO\
PHDQWHPSHUDWXUHDQGPHDQYHORFLW\
7ZR (DVWHUQ ZLQG FRQGLWLRQV ZHUH VWXGLHG XVLQJ ERWK
VWHDG\ DQG WUDQVLHQW VLPXODWLRQV 6WHDG\ VLPXODWLRQ RI PV
ZLQGVKRZHG ORZZLQGVSHHGRQERWKILUVWDQGIRXUWK OHYHOV
ZLWK WKH SRRUHU SHUIRUPLQJ IRXUWK OHYHO ZLQG VSHHG DW 
ORZHUFRPSDUHGWRWKHPLQLPXPDFFHSWDEOHZLQGVSHHGRI
PV 7KH WUDQVLHQW VLPXODWLRQ VKRZHG WKDW ILUVW OHYHO ZLQG
VSHHGZDVZLWKLQ WKH DFFHSWDEOH UDQJHZKLOH WKH IRXUWK OHYHO
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
ZLQGVSHHGUDSLGO\IHOOEHORZDFFHSWDEOHVSHHGLQWKHGXUDWLRQ
RIWKHVWLPHSHULRGXVHG7KXVWKHILUVWOHYHOLVFRQVLGHUHG
DFFHSWDEO\ YHQWLODWHG IRU WKH GDLO\ PHDQ WHPSHUDWXUH
H[SHULHQFHGLQ6LQJDSRUH
$ VHFRQG ZLQG VSHHG RI PV ZDV VLPLODUO\ LQYHVWLJDWHG
VWHDG\UHVXOWVVKRZHGILUVWDQGIRXUWKOHYHOZLQGVSHHGVWREH
LQ WUDQVLWLRQ DQG DFFHSWDEOH UDQJH UHVSHFWLYHO\ 7UDQVLHQW
UHVXOWVVKRZHGWKDWWKHILUVWOHYHOZLQGVSHHGOLHVLQWKHZLQG
LQGXFHG GLVFRPIRUW UDQJH ZKLOH WKH IRXUWK OHYHO ZLQG VSHHG
UHPDLQHG LQ WKH DFFHSWDEOH UDQJHGXULQJ WKH  V WLPHSHULRG
7KXV WKH  PV ZLQG ZDV GHHPHG XQGHVLUDEOH GXH WR WKH
GLVFRPIRUWEURXJKWWRWKHSHGHVWULDQV
%RWKZLQGFRQGLWLRQVKDGUHVXOWVRIDVLPLODUWUHQGRIIORZ
SDWWHUQVDQGWKHIRXUWKOHYHOYHQWLODWLRQZDVFRQVLVWHQWO\ORZHU
FRPSDUHG WR WKH ILUVW OHYHO GXULQJ ERWK VWHDG\ DQG WUDQVLHQW
VLPXODWLRQ7KLV LVPDLQO\EHFDXVH WKH IRXUWK OHYHO LV ORFDWHG
EHKLQG DQ REVWUXFWLRQ WR WKH DLUIORZ 7KLV UHVXOWV LQ DQ
LQDGHTXDWHDLUIORZPRYHPHQWLQWKDWYLFLQLW\
7KH JHQHUDO EXLOGLQJ GHVLJQ DOVR VXJJHVWV WKDW WKHUH LV DQ
XSSHU OLPLW WR WKHZLQGVSHHGVDW WKHIRXUWK OHYHO7KHIRXUWK
OHYHOKDVQRLQOHWVGLUHFWHGWRZDUGVWKHLQFRPLQJZLQG7KHDLU
PRYHPHQW LV GULYHQXSZDUGV IURP WKH ILUVW OHYHO WKURXJK WKH
PDLQDWULXPDQGEXONRIWKHDLUIORZIURPWKHVLGHDWULXPGRHV
QRW FLUFXODWH WRZDUGV WKH PDLQ DWULXP ,PSURYHPHQWV ZRXOG
WKHQLQYROYHJHRPHWULFDOPRGLILFDWLRQVVXFKDVZLQGFDWFKHUV
WRERRVWWKHDLUIORZYHORFLW\
,; )8785(:25.
)XUWKHUZRUN RQ WKLV VWXG\ZLOO LQFOXGH PRGLI\LQJ WKH
XUEDQPRGHOLPSURYHPHQWVWRWKHVLPXODWLRQPRGHOXVH
RIRWKHUDVVHVVPHQWPHWULFVDQGLQFOXVLRQRIPRUHDUHDVRI
LQWHUHVWLQWKHEXLOGLQJ
7KH FXUUHQW PRGHO XVHV D IODW WHUUDLQ IRU VLPXODWLRQ 7KH
LQFOXVLRQ RI HOHYDWLRQ FKDQJHV PD\ KDYH DQ HIIHFW RQ WKH
DLUIORZ SURSHUWLHV DV LW DSSURDFKHV WKH EXLOGLQJ DQG WKXV
DIIHFWLQJ WKH QDWXUDO YHQWLODWLRQ ZLWKLQ WKH EXLOGLQJ 7KH
EXLOGLQJ JHRPHWU\ FDQ EH PRGLILHG WR GHWHUPLQH LI DQ\
DUFKLWHFWXUDO IHDWXUHV VXFK DVZLQG FDWFKHUV FDQ EH DGGHG WR
LPSURYHWKHQDWXUDOYHQWLODWLRQRQWKHIRXUWKOHYHO
7KH VLPXODWLRQ PRGHO FDQ EH YDOLGDWHG IRU YHUWLFDO
DFFXUDF\2WKHUZLQGGLUHFWLRQVFDQEHVLPXODWHGWRGHWHUPLQH
LIWKHEXLOGLQJRULHQWDWLRQDQGSRVLWLRQDUHRSWLPLVHG,WZRXOG
DOVR EH SRVVLEOH WR LGHQWLI\ LI WKH YHQWLODWLRQ LV VLJQLILFDQWO\
GLIIHUHQWZKHQWKHZLQGGLUHFWLRQFKDQJHVDWGLIIHUHQWWLPHVRI
WKH\HDU
8VLQJPHDQYHORFLW\WRDVVHVVSHGHVWULDQWKHUPDOFRPIRUWLV
MXVW RQH RI WKH PDQ\ PHWULFV DYDLODEOH WR TXDQWLI\ QDWXUDO
YHQWLODWLRQ2WKHUPHWULFV VXFKDV$6+5$(6WDQGDUGFDQ
EH HPSOR\HG WR HYDOXDWH WKH TXDOLW\ RI QDWXUDO YHQWLODWLRQ
ZLWKLQ6,7#63
)LQDOO\WKLVVWXG\ZDVIRFXVHGRQWKHYHQWLODWLRQRIUHVXOWV
RI WKH PDLQ DWULXP DUHD RI WZR OHYHOV RQO\ 6LPLODU
LQYHVWLJDWLRQV FDQ EH FDUULHG RXW IRU WKH UHPDLQGHU RI WKH
EXLOGLQJVRDVWRDFKLHYHDPRUHFRPSOHWHDQGFRPSUHKHQVLYH
LQYHVWLJDWLRQRIWKHEXLOGLQJ
$&.12:/('*0(17
7KLVSDSHU LVFRVSRQVRUHGE\6,76SHFLDO WKDQNV WR0LVV
0DVGDOHIID IURP 6,7#63 6WXGHQW 6HUYLFH &HQWUH DQG 0U
(GZDUG)RR IURP6,7(VWDWHV'LYLVLRQ IRU OLDLVLQJZLWK WKH
QHFHVVDU\ DSSRLQWPHQW KROGHUV DQG DUUDQJLQJ WKH SDSHUZRUN
IRUXVWRDFTXLUH6,7#63EOXHSULQWV
5()(5(1&(6
>@ -) 1LFRO DQG 0 $ +XPSKUH\V ³$GDSWLYH 7KHUPDO &RPIRUW DQG
6XVWDLQDEOH 7KHUPDO 6WDQGDUGV IRU %XLOGLQJV´ Energy and Buildings, 
YROSS
>@ 06DQWDPRXULVDQG)$OODUGNatural ventilation in buildings: A design 
handbook(DUWKVFDQ
>@ ; 6KL < =KX - 'XDQ 5 6KDR DQG - :DQJ ³$VVHVVPHQW RI
SHGHVWULDQZLQGHQYLURQPHQWLQXUEDQSODQQLQJGHVLJQ´Landscape and 
Urban PlanningYROSS
>@ '63DUN³9HU\ORZHQHUJ\KRPHVLQWKH8QLWHG6WDWHVSHUVSHFWLYHVRQ
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